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CORRELATION OF GEOLOGIC UNITS DESCRIPTION OF GEOLOGIC UNITS Mixed-environment deposits diameter of 1.5 feet (0.5 m); weathers to badland REFERENCES

topography; prone to landsliding, especially along

Mixed alluvial and eolian deposits (Holocene to Teidemc: o
_ _ UATERNARY Qae upper Pleistocene) — Moderately to well-sorted, is;eggth gi%g:se’dmﬁit%};zlgﬂgig?gn ;rg%‘}gggglrlg(s)nttgcg Ashland. F.X.. 2003. Characteristi d implicati
o | historical Qals Q clay- to sand-sized alluvial sediment that locally color change between the purplish mudstone below ) fatI}ll ' 1998 Wasatch Fara(; 1e nfi lquf ca[L}stzlsl,. a&aﬁng l(ia l'oni
S| Ea\t‘p\ Qac Alluvial deposits 1ncl}1gles abundant C.Ohap sand and minor gravel, and the moderate-reddish-brown, fine-grained (S).urVZy Speciglsgtcudyr(l)SS afg i)l s ' cologica
T | pre-historic - P Alluvial-st d its (Hol Moderatel exhibits stage II calcic soil development (Birkeland sandstone above; a thin chert-pebble conglomerate Bahr. C.W.. 1963. Virei ~1’f 1d 'W hi C Utah
J R Qc t Qal uvial-stream deposits (Holocene) — Moderately and others, 1991); mapped in Little Plain and typically marks this contact throughout Washington ahr, C.W., , Virgin oil field, Washington County, Utah,
1 to well-sorted clay to gravel deposits in large active Dalton Wash valleys in the southeast and northeast County (James L. Kirkland, Utah Geological Surve in Heylmun, E.B., editor, Guidebook to the geology of
drainages; includes terraces up to 10 feet (3 m) corners of the quadrangle; 0 to 50 feet (0-15 m) gor > gical Survey, southwest Utah, transition between Basin-Range and Colorado
above modern channels; mapped along the Virgin thick. verbal communication, November 19, 2004); smal! Plateau provinces: Intermountain Association of Petroleum
Qae River and North Creek; includes both the "active" . . . . chert pebbles locally litter the slope near the contact; Geologists 12th Annual Field Conference Guidebook, p.
) channel and "modern" terrace levels of Hereford Mixed alluvial and colluvial dep0s1ts (Holocene to dePOSIted n 1acustr1ne, ﬂOOd'plalna and braided- 169-171
! Qac . . : ’ 69-171.
upper Qaco and others (1996) as mapped in the adjacent upper Pleistocene) — Poorly to moderately sorted, stream environments (Dubiel, 1994); 406 feet (124 Biek, R.F., 2003, Geologic map of the Hurricane quadrangle
Springdale West quadrangle to the east by Willis clay- to boulder-sized, locally derived sediment; m) thick at Smith Mesa. W’ashin’gton éounty Utah: Utah Geological Survey Map’
and others (2002); Hereford and others (1996) CEEY glrladgtiongl Wll.th gllu\u.?l, colluvial, etmd 111(15‘6‘; Shinarump Conglomerate Member (Upper Triassic) 187, 61 p., 2 plates, scale 1:24,000.
determined that these sediments were deposited alluvial and colian deposits; younger material (Qac _ Varies from eravish-orange to moderate- ; ; ;
in the Virgin River channel in just the last few is deposited in swales and minor drainages whereas yellowish-brows, medinm. £ coarse-grained  © auadianalo. Washiasten and on Contics. Utoh Uoel
decades (since about A.D. 1940); these deposits older deposits (Qaco) form incised, inactive, gently i ; ; i . P & ; 9
L 1 40); p . . . sandstone with locally well-developed limonite Geological Survey Map 220, 2 plates, scale 1:24,000.
---------------------- —7— 7 were inundated during the major flood of January sloping surfaces gradational with and downslope bands ("picture stone" or "landscape rock") to : :
) ¢ : et . Birkeland, P.W., Machette, M.N., and Haller, K.M., 1991, Soils
2005; 0 to 30 feet (0-9 m) thick. from colluvial and talus deposits; include terrace ; :
’ . . moderate-brown pebble conglomerate with as a tool for applied Quaternary geology: Utah Geological
. . . deposits too small to map separately; 0 to 20 feet b ded cl ¢ . d chert: ( pp J ry geology: Ut g
— | Alluvial-terrace deposits (Holocene to middle (0-6 m) thick subrounded clasts of quartz, quartzite, and chert; and Mineral Survey Miscellaneous Publication 91-3, 63 p.
> Qétz7|  Ppleistocene) — Moderately to well-sorted sand, silt, . ' . ) mostly thick- to very thick bedded with both planar Blakey, R.C., 1979, Oil impregnated carbonate rocks of the
< Qmr and pebble to boulder gravel that forms level to Basaltic lava flows and related deposits — Major and low-angle cross-stratification; contains locally Timpoweap Member, Moenkopi Formation, Hurricane Cliffs
z gently sloping surfaces above modern drainages; and trace-element geochemistry and 40Ar/39Ar raw abundant, poorly preserved petrified wood area, Utah and Arizona: Utah Geology, v. 6, no. 1, p. 45-54.
% e subscript denotes height above active drainages; data are available on the Utah Geological Survey Web fragments and common, highly fractured petrified Blakey, R.C., 1994, Paleogeographic and tectonic controls on
El 8 i S8 level 2 deposits include both “historic” and site (geology.utah.gov/online/analytical_data.htm); logs several feet in length; forms the dark-brown g{ Lower and Middgl jg rf ic erg deposits. Colorad
S| e b == “settlement and late prehistoric” levels of Hereford rock names are derived from the TAS diagram of to moderate-yellowish-brown cap rock of some Lowe © Jurassic erg deposits, Loloraco
S & iddl ATy o p " 2 G b d Hurri M . tact Plateau, in Caputo, M.V., Peterson, J.A., and Franczyk, K.J.,
Sl 3 miadie LQBI% 22 and others (1996) as mapped in the adjacent LeBas and others (1986). is(;)(l)zzegrégtjvneen tlﬁgigﬁgwisells-ffol;gf :arlr(l:((i);[oarfe editors, Mesozoic systems of the Rocky Mountain region,
o Hh Springdale West quadrangle to the east by Willis Grapevine Wash lava flow (middle Pleistocene) — and pebbly sandstone of the Shinarump USA: Denver, Colorado, Rocky Mountain Section of the
250 O Dol NP and otll;lers (20%2) aréd are ab9111t 1(1) t0d30 feet (3- Medium-gray, weathering dark-brownish-gray to Conglomerate below and the base of the varicolored Society for Sedimentary Geology, p. 273-298. 5 g ) ) 3
Qat7 oo 9 m) above modern drainages; level 3 deposits are dark-brownish-black, fine-grained olivine basalt i d beds of th ified Brandt, C.J., 1989, Petroleum near Kane County, in Doelling, £ B3 g R b
baEN o 30 to 90 feet (9-27 m), level 4 deposits are 90 to . ; : smectitic mudstone beds of the Petrified Forest : -
o = ’ cp to basaltic trachyandesite lava flow; vesicular to . i i iti H.H. and Davis, F.D., The geology of Kane County, Utah —
140 feet (27-43 m), level 5 deposits are 140 to 190 e : Member above; variable in composition and . : =]
’ °p dense; locally jointed; flow textures locally evident hick b i _ch 1 Geology, mineral resources, geologic hazards: Utah
feet (43-58 m), level 6 deposits are 190 to 270 feet thickness because 1t represents stream-channe > : :
== (58-82 m) and level 7 d% SIS are in excess of on upper surfaces; rubbly base where exposed; deposition over Late Triassic paleotopography Geological and Mineral Survey Bulletin 124, p. 118.
KO T8 ; POSUS . - erupted from several vents on the Lower Kolob (Dubiel, 1994); 124 feet (38 m) thick alon Clemmensen, L.B., Olsen, H., and Blakey, R.C., 1989, Erg- &
< == 300 feet (90 m) above modern drainages; deposited Plat ludine F Knoll and Spendl e > & . L . . n
©SS wo rimarily in stream-channel and flood-plain ateau, including Firepit Knoll and Spendlove Hurricane Mesa road; generally ranges from 100 margin deposits in the Lower Jurassic Moenave Formation <
---------------------- HH =5 primari’y . : P Knoll cinder cones, about 6 miles (10 km) northeast to 200 feet (30-60 m) thick and Wingate Sandstone, southern Utah: Geological Societ 84)
o 2N environments; degree of induration generall . g : . > Y
&8 So . s, ceg : & Y of the quadrangle; five 40Ar/39Ar plateau ages g . of America Bulletin, v. 101, p. 759-773. am
SS s increases with height and thus with age of terraces range from 0.22 + 0.03 Ma to 0.31 + 0.02 Ma unconformity (R-3) (Pipiringos and O’Sullivan, 1978) S . ~ &
o o from loose gravel of Qaty to very well cemented =0 DeCourten, F., 1998, Dinosaurs of Utah: Salt Lake City, ~
T RS gravel of Q§t7 (Stage V calcic 1;}(;il of Birkeland éwml?ant% Hyllatlﬁd, 2t002); ma};;iﬁd alondg Nmith Moenkopi Formation University of Utah Press, 300 p. o 2
3 ! : reek in the northeast corner of the quadrangle; . - . Z. 3
eo d others, 1991); 0 to 30 feet (0-9 m) thick. : - Downing, R.F., 2000, Imaging the mantle in southwestern Utah =
lower o an ’ ’ 10 to 20 feet (3-6 m) thick. - Upper red member (Lower Triassic) — Moderate- . ! . . =
= . . g S : using geochemistry and geographic information systems: e
Qbl Hereford and others (1996), working a few miles "Aar| Crater Hill lava flow (middle Pleistocene) and reddish-brown, thin-bedded siltstone and very fine Las Vegas, University of Nevada, M.S. thesis, 128 p. T
p upstream, determined that terrace deposits less - Qec/ associated eolian deposits (Holocene to middle gr:(iimgd sgndséqne Vélth some thin gypsum .bedlus Dubiel, R.F., 1994, Triassic deposystems, palcogeography, and =
thanshot 30 et (9 ) shove e ave rver G0 BESon y e drk G B e e et Tt o W
1 1 ©© channe (mlilp&e 1Qa 1t }';m 1Qoa(l) 6) are la fid o ogene Qbch brownish-gray to dark-brqwmsh-black, olivine with a few sandstone ledges; iocally includes 20- Peterson, J.A., and Franczyk, K.J., editors, Mesozoic systems
EE 1n1a%re d(ptro 2111 yt ::ss arﬁ X dyear(s1 0 t) an fare basalt lava flow (Qbch); vesicular to dense; locally foot-thick (6 m) fme-graine(’i resistant sandstone of the Rocky Mountain region, USA: Rocky Mountain
_ 82 related to short-term shifts (decades to a few jointed; upper surface has large arcuate pressure : ) D : : Section of Society of Economic Paleontologists and
oo hundred years) in the "modern" river (they showed : . . near base; upper contact is based on lithologic . . Y. g .
/ ] SHOV ridges; rubbly base where exposed; erupted from : Mineralogists, p. 133-168. S
&) + H that the river cycles through episodes of incision vent at Crater Hill cinder cone just east of change between the ledges of moderate-reddish- EIStS, b 1 by of the Zi " 2
%) tormity (J-sub K Blakev. 1994 M i 1994 sS3 and backfilling of a few tens of feet with associated quadrangle (Willis and others, 2002): flowed into, brown siltstone and sandstone of the upper red Gregory, HE, 1950, Geology and geography of the Zion Par’ E
) Lower unconformity (J-sub Kayenta) (Blakey, 1994; Marzolf, 1994) — channel widening. meander shifts. and channel - ' member below to the cliff of moderate-yellowish- region: U.S. Geological Survey Professional Paper 220, S
< o . 8 P and overflowed, ancestral Scoggins and Coalpits : 200 0
x = narrowing that are controlled primarily by short- Washes, then flowed southward into the ancestral brown sandstone of the Shinarump Conglomerate 0 p. . o &
- term changes in climate and in the frequency. o T - Member above; deposited in coastal-plain and Hamilton, W.L., 1979, Holocene and Pleistocene lakes in Zion
> intensity. and duration of maior st They did Virgin River, ponded, then continued westward tidal-flat environments (Dubiel, 1994); 443 feet National Park, Utah, in Linn, R.M., editor, Proceedings of
B I glote ?:égéﬁ?ze aLIllr; ﬁ?ﬁiglené?ggrslf rI_rIr(l)slz;cen: }rlivér ?bou(ti 5 milest(i lﬁmk) irgo gle \./irtglin 3padra£gle; (135 m) thick at Hurricane Mes’a; rang’es 350 to the First Conf’erence’ on Scieﬁtific liesearcfl in the National
formity (J-0) (Pipir d O'sull 1978) deposits; they estimated that the next older river (ﬁ:?n:; carrelz eC o a?p?ts ?al?: 112 C‘(g)alg?tlélwl;’:ﬁ 450 feet (105-135 m) thick. Parks, 1977 New Orleans Conference: NPS-AIBS, DOI-
uncontrormity (J- Ipiringos an ullivan, deposits (here mapped as Qats and older deposits) ; . o . _ . NPS Transactions and Proceedings, ser. 5., p. 835-844.
g (Hamilton, 1979; Hamilton, undated; Willis and Shnabkaib Member (Lower Triassic) — Light-gray . > ’ .
are upper Pleistocene and older. others, 2002); Qec/Qbch denotes partial cover of to pale-red, gypsiferous siltstone with bedded Hamilton, W.L., undated, Quaternary ponds and lakes in Zion
Upper ; D ; P e National Park, Utah: unpublished 42-page report on file at
Though these older deposits have not been dated eolian sand and calcic soil up to several feet thick; gypsum and several thin interbeds of dolomitic, he Zion National Park 1% page rep
directly, their age can be estimated using calculated flow is typically 3 to 80 feet (1-24 m) thick, but unfossiliferous limestone near the base; upper part the Zion Nationa' Par oraty. - .
long-term incision rates determined from the locally up to 400 feet (120 m) thick where it ponded is very gypsiferous and weathers to a powdery soil Hauptman, C.M., 1952, Virgin Oil Field, Washington County,
_________________________________ unconformity (R-3) (Pipiringos and O'Sullivan, 1978) relative height and age of basaltic lava that flowed in ancestral Virgin River channel (Willis and others, commonly covered by microbiotic crust; forms Utah, in Guidebook to the Geology of Utah: Intermountain
into the ancestral channel of the Virgin River, 2002); base is about 125 feet (38 m) above modern ledge-slope "bacon-striped" topography; prone to Association of Petrole}lm G3010g15t§> no. 7, p. 81'83-
1) combined with the amount of soil development Virgin River channel, but appears higher along landsliding; upper gradational contact, marked by Hayden, J.M., 2004, Geologic map of the Little Creek Mountain
%) and degree of lithification (Willis and Biek, 2001). State Highway 9 because the cliff face exposes a a prominent color change and lesser slope change, quadrangle, Washington County, Utah: Utah Geological
2 The Crater Hill flow, which now sits on river gravel higher level of the dish-shaped flow; re-interpreted is placed at the top of the highest light-colored, Survey Map 204, 2 plates, scale 1:24,000.
= about 125 feet (40 m) above the modern river by Willis and others (2002) to represent a single thick gypsum bed, above which are steeper slopes Hereford, R., Jacoby, G.C., and McCord, V.A.S., 1996, Late
[ channel, is dated at about 300,000 years, suggesting eruptive episode rather than the multi-eruptive of laminated to thin-bedded, moderate-reddish- Holocene alluvial geomorphology of the Virgin River in the
a downcutting rate of 420 feet (130 m) per million history proposed by Nielson (1977) and Downing brown siltstone and sandstone beds of the upper Zion National Park area, southwest Utah: Geological Society
Lower years since emplacement; present height of (2000); three samples from the Springdale West red member; deposited on broad coastal shelf of of America Special Paper 310, 41 p.
remnants of the Lava Point basaltic lava flow that quadrangle yielded 40Ar/39Ar plateau ages that very low relief where minor fluctuations in sea Heylmun, E.B., 1961, Virgin Field, in Preston, D., editor,
now cap the high point northeast of the town of range from 0.28 + 0.08 Ma to 0.32 + 0.13 Ma level produced interbedding of evaporites and red Symposium on oil and gas fields in Utah: Intermountain
Virgin indicates an additional 1175 feet (360 m) (UGS unpublished data). beds (Dubiel, 1?94); 510 feet (155 m) thick at Association of Petroleum Geologists.
of incision in the 700,000 years prior for a 2o Gould Wash lava flow (middle Pleistocene) and Ifs‘grr‘;)a{‘lfléfesa generally 400 to 500 feet (120- - yeyimun, E.B., 1993, Virgin, i Hill, B.G. and Bereskin, S.R.,
owncfuttn}llg rate of 1680 feet (5 hm) per mll 101} Qbgw associated eolian deposits (Holocene to middle : editors, Oil and gas fields of Utah: Utah Geological
Rmr %/eéirs or that tlrgeoggrlodz. lU Sg(l)%t ©SC rai(ef level g Pleistocene) — Dark-gray, very fine grained olivine Middle red member (Lower Triassic) — Interbedded Association Publication 22, unpaginated.
) o - 3 depos}ts azrfl: 57 000 t‘3’10 (5)60 years lg' . e\lleS Qbgw basalt lava flow (Qbgw) with abundant olivine moderate-red to moderate-reddish-brown siltstone, LeBas, M.J., LeMaitre, R.W., Streckeisen, A., and Zanettin, B.,
ST unconformity (R-1) (Pipiringos and O'Sullivan, 1978) M epQSltsé 10000 t03 40.000 years 01 d& level p phenocrysts; yielded an 40Ar/39Ar isochron age of mudstone, and thin-bedded, very fine grained 1986, A chemical classification of volcanic rocks based on
< depos;ts, 340,000 t°3 45.000 years ;)d > g‘l’e 1 0.278+ 0.018 Ma (Downing, 2000), however, sandstone with thin interbeds and veinlets of the total alkali-silica diagram: Journal of Petrology, v. 27,
b Lower Pkh egosns? > l'kt(l) i hyear4$00 0 88 cve sample VR41-08, just off the quadrangle boundary greenish-gray to white gypsum; forms slope with p. 745-750.
% 7H eposits ailre 1ke %’ 01 ert ag 5, kye.ars. yielded an 40Ar/39Ar isochron age of 0.420 + 0.005 several ledge-forming gypsum beds near base; Lucas, S.G., and Heckert, A.B., 2001, Theropod dinosaurs and
a oweve;l, these calculations do notdta_ N Hlllt.o and a plateau age of 0.420 + 0.210 (UGS upper contact is placed at the base of the first thick the Early Jurassic age of the Moenave Formation, Arizona-
- account huctuatlons mdlgmslllon rates PlIlrlllnt% this unpublished data); the flow exhibits a level of gypsum bed where the moderate-reddish-brown Utah, USA: Neues Jahrbuch fur Geologie und Paliontologie
tn}r;ﬁ: lgsuc ] ;Slfpftgglleste y the Crater Hi i Ovi’)’ incision comparable to the adjacent 400,000-year- siltstone below gives way to banded, greenish- Mh., Stuttgart, Germany, v. 7, p. 435-448.
which cou Shl these age estimates signi 10?!“. Y- old Divide lava flow, and so is likely about 400,000 gray gypsum and pale-red siltstone above; deposited Lucas, S.G., Tanner, L.H., 2007, The Springdale Member of
In addition, s gr‘{; ar;((i_l{ffterrnefdla(‘;e;terrn 1cyc Lcity years old; however, note that Downing's age is in tidal-flat environment (Dubiel, 1994); 400 to the’Kéyé’rlta Formation. Lower Jurassic of Utah-Arizona. in
In Incision 12111 ac lfH}llg ? 5 leetl( 5 m) or within the margin of error of the more recent date; 450 feet (120-135 m) thick. Harris. J.D.. Lucas. S.G Spielmann, J.A., Lockley M.G.
more may skew ages of the lower-level deposits. erupted from two cinder cones just off the south R _ Milner. A.R.C.. and Kirkland. J.1.. editors. The Triassic.
Thus, age of Qatz deposits, which would be affected X Virgin Limestone Member (Lower Triassic) — Three 1ner, A.R.C., and Karkland, J.1., editors, 1he Iriassic
p S edge of the quadrangle (Hayden, 2004); Qec/Qbgw > - . . J t trial transition: Alb New M
most by this short-term cyclicity, may be denotes partial cover of eolian sand and calcic soil distinct medium-gray to yellowish-brown limestone Lrassic fetes na | Tanstion. A ouquerdue, KEW VX
significantly more or less than the calculated range. Ub fo several foot thick: mapned south of State ledges interbedded with nonresistant, moderate- Museum of Natural History and Science Bulletin 37, p. 71-76.
. . . . P A ; mapp yellowish-brown, muddy siltstone, pale-reddish- Lucas, S.G., Tanner, L.H., 2007b, Tetrapod biostratigraphy and
—= 7] Alluvial-gravel deposits (middle Pleistocene) — Highway 59 in the southwest corner of the : : ; iassi i it
‘Qag Mappable in a few places beneath and extending quadrangle; generally 20 to 30 feet (6-9 m) thick brown sandstone, and light-gray to grayish-orange- bloclﬁronologly of;1 the il"rlass1c-Jurass1c trlansmon on flhe
o ] 1 . ’ ) pink gypsum; limestone beds are typically 5 to 10 southern Colorado Plateau, USA: Palaeogeography,
out from ungier the Crater Hill lava.ﬂow, can be ._.Q.e.c'/_ Lava Point lava flow (lower Pleistocene) and feet (1.5-3 m) thick and contain five-sided crinoid Palacoclimatology, Palacoecology, v. 244, p. 242-256.
ge;erallg dlgldeddnato two1 ltypeS(~1 (dl)bm(;(sitly “Qblo. associated eolian deposits (Holocene to lower columnals and Composita brachiopods; upper Marzolf, J.E., 1994, Reconstruction of the early Mesozoic
1“ ur%tgl > Su rourll) © dto twe 'S‘)‘t’m cd, (‘;u cr- R o Pleistocene) — Medium-gray, weathering to dark- contact is drawn at the top of the highest limestone cordilleran cratonal margin adjacent to the Colorado Plateau,
1.0 co e-size, a u(;‘ ag sanl stone E‘lbn so&ng Qblp brownish-gray to dark-brownish-black, phenocryst- bed; deposited in shallow-marine environment in Caputo, M.V., Peterson, J.A., and Franczyk, K.J., editors,
blmelstorlle clasts an dsclil angular to su droun cd poor, olivine basaltic trachyandesite to basaltic (Dubiel,1994); 145 feet (44 m) thick south of Mesozoic systems of the Rocky Mountain region, USA:
lasa t clasts né.afm.u y to cgarse sand matrix, andesite lava flow (Qlbp); vesicular to dense; Hurricane Mesa; generally 100 to 130 feet (30-40 Denver, Colorado, Rocky Mountain Section of the Society
gbzg&tsggggﬂg féetHElZnIgn ;{P&iﬁlggﬁgfﬁ?ﬁoﬁft’;ﬁ locally jointed; upper surface of flow generally m) thick. for Sedimentary Geology, p. 181-216.
R . : strongly weathered; rubbly base where exposed; s Molina-Garza, R.S., Geissman, J.W., and Lucas, S.G., 2003
of (;he an((:iestral \?rgm Rlvlf):r bed(,iagd 1()2) Il)grtlally flowed down ancestral North Creck and now forms - Lowzll1 ret(ll tl)nembep 1(tLtower Trlasstlc) - Mo((iietfgte- Paleomagnétism 2nd magnet(’)strati:graphy of the Tower Glon
LITHOLOGIC COLUMN m urate., angular to su .roun ed, boulder- to inverted Valley that lies about 1300 feet (400 m) e a 1Sh-brown Si1 .S one, mu S one, an me- Canvon and upper Chinle Groups. Jurassic-Triassic of
cobble-size basalt clasts in a muddy to sandy i R e grained, slope-forming sandstone; locally, the color Y Id upp ps, ]
: : above North Creek and the Virgin River; 40Ar/39Ar P ; northern Arizona and northeast Utah: Journal of Geophysical
matrix; matrix supported; clasts are randomly of the lower part is irregularly altered to yellowish- L phy
iented and unsorted: probably deposited al plateau ages range from 1.02+0.03 to 1.14+0.16 orange probably due to hydrocarbon mieration: Research, v. 108, no. B4, 2181, doi: 10.1029/2002JB001909.
oriented and unsorted, probably deposited along Ma with sample VR41-01 yielding an age of 1.06 8¢ p M e gration; Nielson. R.L.. 1 Th hi lution of the C
the sloping edges of the ancestral Virgin River ; CWET . generally calcareous and has interbeds and stringers ielson, R.L., 1977, The geomorphic evolution of the Crater
= ! hannel: older than Crater Hill fl bout 300.000 +0.01 Ma (Biek, 2007; Willis and Hylland, 2002); of gypsum: ripple marks and small-scale cross- Hill volcanic field of Zion National Park: Brigham Young
< |W|uW o channel; older than Crater Hill flow (abou > Qec/Qblp denotes partial cover of eolian sand and gypsulil; Tipple : ° : : 1 . 4 ' >
| | |[FORMATION|  MEMBER @ |THICKNESS| | 101 0GY years old); 0 to 40 feet (0-12 m) thick. calcio soil up to several feet thick: typically 20 to beds are common in the siltstone; upper contact University Geology Studies, v. 24, part 1, p. 35-70.
w Q % E feet (meters) Artificial deposits 40 feet (6-12 m) thick. > drawn at the color change from moderate-reddish- Nielson, R.L., 1981, Depositional environment of tl"le Toroweap
n »n brown siltstone of the lower red member to and Kaibab Formations of southwestern Utah: Salt Lake
- Artificial fill deposits (historical) — Artificial fill used unconformity moderate-yellowish-brown, muddy siltstone, City, University of Utah, Ph.D. dissertation, 495 p.
@] '<Ti surficial deposits Q 0-50 (0-15) - to create small dams; consists of engineered fill JURASSIC typically about 3 feet (1 m) thick, which underlies Nielson, R.L., 1986, The Toroweap and Kaibab Formations,
g3 ) . and general borrow material; although only a few the base of the first limestone ledge of the Virgin southwestern Utah, in Griffen, D.T., and Phillips, W.R.,
0|0 basalt flows and associated deposits | Qb | 0-400 (0-120) deposits have been mapped, fill should be Kayenta Formation Limestone MSI%bef;lgSEOSl{)ed glséugal-flast editors, Thrusting and extensional structures and
) 0o ¢ : . ¢ . t ¢ . 2 o E .
Si, Kayenta Fm | Springdale Ss. Mbr. | Jks | 100+ (30+) unconformity anticipated in all areas with human impact, many Blakey (1994) and Marzolf (1994) proposed a major environment (Dubiel, ); abou eet (7 mineralization in the Beaver Dam Mountains, southwestern
DI ) of which are shown on the topographic base map . . . m) thick. Utah: Utah Geological Association Publication 15, p. 37-53.
gz . . Semionotus td it less than 20 feet (6m) thick regional unconformity at the base of the Springdale o . . i :
é B Moenave Whitmore Point Mbr. | Jmw 80 (24) kanabensis Ier;{(ése o Fgrotsliesd?\r/zrs?cs); daelllrll 2 cheVi(rgri?l)Ri\igr Sandstone Member of the Moenave Formation that - Timpowe;l[})1 Member }(1Lower }l"ylzli(ssl;czlg lépplqr Ea]rt N1eilil%?icﬁfilg)ﬁslogt?tlll’epfgtorgllocggﬁ }slgcrllnélglr:;cl)(l)c:ggr:;dssgliﬂgsggg
35 ) ) AL X ’ would restrict that formation to the Dinosaur Canyon 1s grayish-orange, thin- to thick-bedded, slightly ) ; 5 SO
S Formation Dinosaur Canyon | g4 200 (60) which is 110 feet (35 m) thick. and Whitmore Point Members. Subse 1 fi i ith thin- Utah: Utah Geological Survey Miscellaneous Publication 91-
. quent work by calcareous, very fine grained sandstone with thin y
Member J-0 unconformit Colluvial deposits Lucas and Heckert (2001), Molina-Garza and others bedded siltstone and mudstone; lower part is light- 7,65 p.
y . . . 2003), and Lucas and Tanner (2007a) also suggested gray to grayish-orange, thin- to thick-bedded Peterson, F., 1994, Sand dunes, sabkhas, streams, and shallow
(2003), ( ) 28 . : : . ,
Qe Colluvial deposits (Holocene to upper Pleistocene) that the Springdale Sandstone is more closely related limestone and cherty limestone that weathers light- seas - Jurassic paleogeography in the southern part of the
‘g,_ Petrified Forest ;uti‘g?l;lld};dtoclg;oE[i()ell;)?)tli:lld};rss(;;tee(liécgﬁ}%léi:?‘fVég to, and should be made the basal member of, the br(l))YIl; wi;h l';l rough, “meringue-lige”t)surlflqce déle ;Vestemlgnltgrjor léglfln, iﬁ Caputo, M.\t/., Petefrac;n,RJ .Al.(, and
i Rep 400 (120) ! > Clay= 10 DOUICCL-S1ZC, Kayenta Formation. to blebs of chert; contains gastropods, brachiopods, ranczyk, K.J., editors, Mesozoic systems of the Rocky
Q Chinle Member 4 : : : : ;
> i sediment deposited principally by slopewash and . . and rare ammonites; some beds include euhedral Mountain region, USA: Denver, Colorado, Rocky Mountain
Formation soil creep on moderate slopes; locally includes - Springdale Sandstone Member (Lower Jurassic) — pyrite crystals up to 1/4 inch (1 cm); member Section of the Society for Sedimentary Geology, p. 233-272.
“picture stone” )y ke o Aepost 010 30 feet (O odermely sorted. fige. 1o medium-grained. overall weathers yellowish-brown and forms ledges  Pipiringos, G:N., and O'Sullivan, R.B., 1978, Principal
Shinarump Cgl. Mbr. | Res [100-200 (30-60 picture ston m) thick. ¢ > 11ne- 3 ; or low cliff; contains petroliferous outcrops and unconformities of Triassic and Jurassic rocks, western interior
'R-3 unconformity Eolian deposit medium- to very thick bedded sandstone, and oil seeps in Timpoweap Canyon of the Virgin River United States — A preliminary survey: U.S. Geological
Eoli-sand deposts 1 Plisocen) Eomiomeat ond i et o ot and i utrics 1o e orh vhereth wper sy Pofesonal apr 10354, 29
“Oas | Eolian-sand deposits (Holocene to upper Pleistocene . . ; Timpoweap is exposed (Blakey, 1979); main Richardson, G.B., 1908, Petroleum in southern Utah >
o es . - - . . . . . E . . 2 2
upper red member | Emu 350-450 Q o — Well- to very well sorted, very fine to medium- r'el(tldtlSh .bflow? or %re?mslh gragl’ m‘adsmlllle andd producing interval of Virgin oil field; upper contact contributions to economic geology — 1907: U.S. Geological Q
(105-135) grained, well-rounded, mostly quartz sand; probably stitstone; has large fenticular and wedge-shaped, placed at the color change from grayish-orange Survey Bulletin 340, part 1, 475 p.
originates mostly from the weathering of Navajo low-angle, medium-to large-scale cross-bedding; sandstone of the Timpoweap Member below to : ’ ’ P
. p P Wenrich, K.J., and Huntoon, P.W., 1989, Breccia pipes and
Q and Kayenta Formations; mapped near the town secondary color bands that vary from concordant the moderate-reddish-brown siltstone of the lower lated mincralization in the Grand C PIPes |
Q of Virgin; locally mined for sand; deposited to discordant to cross-beds are common in the red member above; locally quarried for dimension asso}f 1aie A inerai zz;:llon 1nD f, é?‘ll;. elmyog I{Ieglon(i
Ol primarily on Timpoweap Member of Moenkopi sandstone; weathers to rounded cliffs and ledges stone; deposited in shallow, north-trending marine %ort errﬁ Arlzoél-i’ " G St?n’ G ! dl%gs N &han
0L gypsum Formation and alluvial-terrace deposits where the that cap Smith Mesa within the quadrangle; contains trough, filling paleotopography on top of the Kaibab OUNE, 1A, CCIIOTS, CDL08Y O ATanc ~anyon, norern
UEJ a valley widens; 0 to 15 feet (0-4.5 m) thick. locally abundant petrified and carbonized fossil Formation (Nielson, 1981); thickness irlzo.na (Vélth ChOIQTa‘li(I)JRlVerngllll(IleS) W?‘Shlfllthoni D;C'i
< Shnabkaib Member | Rms ‘1‘28:‘%8 M denosi plant remains; deposited in braided-stream and approximately 130 feet (40 m). Cmerlcanf ﬁi?lpt ysiea d tl)] 1or11( Tlt lsgtlegnatl(;nlaz_z le g ogica
|n_: ( ) "bacon striped” ass-movement deposits minor flood-plain environments (Clemmensen and Rock C Consl Member (L W'll'on%}rzss led BFIi gl;uFe 2%‘(’)1 Q » P 2ls-z2lo. .
o . . . B others, 1989; Blakey, 1994; Peterson, 1994; and ock Canyon Conglomerate Member (Lower illis, G.C., and Biek, R.F., , Quaternary incision rates o
. Qmt”, Tal\l;esr(;%)ooosrllt; ggr?é(écz;egﬁar;%do(ﬂf dgrlsl\s;ﬁfle;% or DeCourten, 1998); incomplete thickness of about Rmr Triassic) — Regionally consists of two main rock the Colorado Plateau and major tributaries in the Colqrado
q;; Moenkopi — finc-grained interstitial sediment: deposited mostly 100 feet (30 m); Willis and others (2002) reported types: (1) pebble to cobble, clast-supported Plateau, Utah, in Young, R.A., and Spamer, E.E., editors,
B Fooneon qﬁﬂ o by rock fall on and at the basé of steep slopes: a total thickness of 90 to 150 feet (27-46 m) in conglqmergte with subroundf:d to rounded. chert Colorad.o River origin and evolution — Proceedlng§ of the
4 form primarily from blocks that weather from the the Springdale West quadrangle to the east. and minor limestone clasts derived from Harrisburg symposium held at Grand Canyon National Park in June
) 400-450 d £1 fl f he Shi ) strata, which was deposited as channel fill in 2000: Grand Canyon Association Monograph, p. 119-124.
middle red member | Rmm (120-135) %O%eiogleraig ?\/Ienoﬂ‘;? Ofr&?cthiile F;ﬁ;ﬁﬁﬁ unconformity (J-sub Kayenta) (Blakey, 1994; Marzolf, paleovalleys (Nielson, 1991) and as a thinner and Willis, G.C., Doelling, H.H., Solomon, B.J., and Sable, E.G.,
that caps both Hurricanc and Gooseberry Mesas, 1934) sandie recca-o conglomeate il above  brecci 2002, Tnterim geologic map of the Springdale West
and from the Sprinedale Sandstone Member of JURASSIC/TRIASSIC pipe collapse feature in Harrisburg strata, an quadrangle, Washington County, Utah: Utah Geological
Virgin Li 1 Mb R 100-130 (30-40 the Kayenta FOITII)Iati(il that caps Smith Mesa within M F ti thin breqma or reg.()hth dePOSlt (Nlelson, 1991) O.n Survey Open_File Report 394” 19 p-» 1 platey scale 124»000
Irgin Limestone Wibr.| Rmv -130 (30- the quadrangle; locally contain small landslide and oenave Formation underlying Harrisburg Member strata; in this Willis, G.C., and Hylland, M.D., 2002, Interim geologic map
slump deposits; may include and are gradational Whitmore Point Member (Lower Jurassic) — quadrangle, only the thin breccia of type (2) is of The Guardian Angels quadrangle, Washington County,
lower red member | &ml 250 (75) with older, mixed alluvial-colluvial deposits farther Interbedded, pale-reddish-brown, greenish-gray, present in a few places along t.he Virgin River in Utah: Utah Geological Survey Open-File Report 395, 27 p., .
downslope (Qaco); Qmt mantles steep slopes and grayish-red mudstone and claystone, with thin- the west half of the quadrangle; upper gradational 1 plate, scale 1:24,000. 2
beneath cliffs and ledges, whereas Qmto mantles bedded, moderate-reddish-brown, very fine to fine- g)o(rtlé?lcsti\llsep )llzcifg\;lf stl?eb?gf:no{iﬁz ng)sli e} a(t)efr ill?e] p=
i oil seeps and armors a hillside along North Creek now grained sandstone and siltstone; siltstone is h i .
Timpoweap Member [ Rmt 130 (40) 1 unF():onformity separated from the main slope due to retreat of the commonly thin bedded to laminated in lenticular Timpoweap Member; 0 to 7 feet (0-2 m) thick. ACKNOWLEDGMENTS g
Rock Canyon Cgl. Mbr| Rmr 0-7 (0-2) cliff; 0 to 20 feet (0-6 m) thick. or wedge-shaped beds; claystone is generally flat unconformity (R-1) (Pipiringos and O’Sullivan, 1978) ) . 2
Of = ] medial limestone E— . . . . bedded; contains several 3- to 18-inch-thick (7-48 Robert F. Biek, Grant C. Willis, and Robert Ressetar, each 8
5|2 . Harrisburg Member | Pkh 160 (50) ans Landslide deposits (Holocene to middle Pleistocene) cm), bioturbated, cherty, very light gray to PERMIAN with the Utah Geological Survey (UGS), reviewed this report @)
’C\)‘ = qg.) Kaibab brachiopods o 3 — Very poorly sorted, clay- to boulder-size, 100311}f yellowish-gray dolomitic limestone beds with algal Kaibab Formation and offered valuable suggestions for improvement. Christopher
|| g| Formation Fossil Mountain ‘:S{ 4 derived debris in chaotic, hummocky mounds; structures, some altered to jasper, and fossil fish . J. Kierst (Utah Division of Oil, Gas and Mining) provided
| Member Pkf | 200+ (60+) "black banded" Qmsa|  formonsteep slopes beneath lava flows, Springdale scales of Semionotus kanabensis; forms poorly — Harrisburg Member (Lower Permian) — Interbedded information concerning the Virgin oil field. Kent Brown set up
o Vb4 Sandstone Member of the Kayenta Formation, and exposed ledgy slope; upper, unconformable contact thin- to very thick bedded gypsum, gypsiferous photogrammetry for this project and, with Bob Biek and J.
Shmammp Conglomerate Member of the Chinle is placed at the base of the thick- to very thick mudstone, and limestone, some of which contains Buck Ehler (UGS), edited the digital files. Demar and Helen
Formation; basal slip surfaces develop mostly in bedded sandstone ledge of the Springdale chert; laterally variable; mostly slope-forming, but Gubler graciously allowed access to their property. John S.
Petrified Forest Member of the Chinle Formation Sandstone, which creates a pronounced break in includes a medial, resistant, cliff- and ledge- Hayden and J. Buck Ehler provided valuable field assistance.
and Shnabkaib and n.nddle red members of the slope; deposited in low-energy lacustrine and forming, white chert and limestone interval; Jared Wilkerson (student at Southern Utah University) shared
Moenkopi Formation; younger deposits (Qmsy) fluvial environments (Clemmensen and others, gypsum dissolution causes separation of limestone his knowledge of the Permian-Triassic boundary.
rest on modern hillsides whereas older deposits 1989; Blakey, 1994; Peterson, 1994; and blocks along joints creating an area locally called
(Qmso) are chaotic bedrock debris armored by DeCourten, 1998); 81 feet (24 m) thick at the south “the cracks” along the Virgin River canyon in
regolith and isolated from adjacent slopes due to end of Smith Mesa. SE1/4SE1/4 section 19 and NE1/4NE1/4 section VIRGIN OIL FIELD
slope retreat; however, research shows that . . 30, T. 41 S., R. 12 W.; one breccia pipe collapse
landslides with subdued morphology are capable - Dinosaur Canyon Member (Lower Jurassic to Upper feature is mapped in NW1/4SE1/4 section 19, T. With the drilling of the first well in 1907, the Virgin oil ficld
of renewed movement if stability thresholds are Triassic) — Uniformly colored, interbedded, 41 S., R. 12 W. (Wenrich and Huntoon, 1989); has the distinction of being the oldest oil field in Utah (Heylmun,
exceeded (Ashland, 2003); Qmsy(b) consists of generally thin-bedded, moderate-reddish-brown upper unconformable contact with the Rock 1993). The discovery well was drilled in an attempt to locate
large blocks of Lava Point basaltic lava flow that to moderate-reddish-orange, very fine to fine- Canyon Conglomerate Member, or, where not the down-dip source of the oil seeps observed in Timpoweap
collapsed and slid as softer underlying Petrified grained sandstone, very fine grained silty sandstone, present, the Timpoweap Member of the Moenkopi Canyon and its tributaries, about 3 miles (6 km) southwest of
Forest Member of the Chinle Formation eroded and lesser siltstone and mudstone; ripple marks Formation, is typically within a ledge- or cliff- the field (Richardson, 1908). The trapping mechanism is
(because of the gentle east dip of the underlying and mud cracks common; forms ledgy slope; forming interval and is difficult to pick out; generally believed to be stratigraphic due to the lack of significant 2
Sedlrtnertltgfly rocks, ﬂ(lje ﬂ01W is lrlt C(l)\ﬁtaCthIﬂI the g??ﬁgﬁzglg ??lfeglr;ldiZS{}gh%pézr C?lrllitﬁcf)g(li?i%edd however, generally, irregularly bedded Harrisburg structural closure, the depressured nature of the field at discovery, < §
resistant Shinarump Longlomerate vMiember along Dase west light-gray, 3 ; Member below weathers grayer and more blocky interpretations of the depositional environment, the variability 52
its western margin, creating a straight cliff, but dolomitic limestone; deposited on broad, low flood than thin, gently undulating Timpoweap Member of porosity and permeability over relatively short distances, and 2
overlies the Petrified Forest Member along its plain that was locally shallowly ﬂoodeq (fluvial above that weathers more brown and platy; Rock the differences in pay thickness, which varied from 1 to 12 feet T
eastern margin, resulting in large slide blocks); 0 mud ﬂat) (Clemmens?n and others, 1989; Bl"f‘key’ Canyon Conglomerate, if present, is the thin interval (0.3-3 m) but averaged only 4 feet (1.2 m) thick (Blakey, 1979).
to 100 feet (0-30 m) thick. 1994; Peterson, 1994; and DeCourten, 1998); 236 of conglomerate and/or breccia tucked between Production was primarily from the Timpoweap Member of the
GEOLOGIC SYMBOLS Residual deposits of Lava Point flow (Holocene to feet (72 m) thick at the south end of Smith Mesa. these two similar lithologies; deposited in a complex Moenkopi Formation (Gregory, 1950) with a possible
Qmr lower Pleistocene) — Residual lag of angular to unconformity (J-0) of Pipiringos and O’Sullivan succession of sabkha and shallow-marine contribution from the subjacent Kaibab Formation (Brandt,
subangular basalt blocks derived from the Lava (1978), who thought it was at the Jurassic-Triassic environments (Nielson, 1981); 160 feet (50 m) 1989). Productive depths ranged from 475 to 800 feet (145-
Contact & Oil seep Point flow; includes very rare blocks of sandstone, boundary; however, the Jurassic-Triassic boundary thick. 244 m) with an average of 550 feft (168 m) (Bahr, 1963). The
il particularly in the northern and eastern part of is now considered to be within the Dinosaur Canyon Fossil Mountain Member (Lower Permian) — Light- brown to black oil ranged fromO 22° API sour crude at the shallow -
v ——— Axial trace of syncline; dashed where % Breccia pipe these deposits, possibly derived from the Kayenta Member of the Moenave Formation (Molina-Garza gray, thick- to very thick bedded, planar-bedded south end of the field, to 32° API sweet crude at the deeper e H
* approximately located . Formation — currently, sandstone cliffs of these and others, 2003; Lucas and Tanner, 2007b). laterally consistent. cherty limestone and north end and had a mixed paraffin-asphalt base (Heylmun, L @
VRatoit Sample location and number rocks are about one mile (1.6 km) or more east of TRIASSIC fossilifer}(,)us Jimestone; ‘whole si}l/iciﬁe d brachiopods 1993). Field development and production occurred intermittently m < B
—4560—————Structural contour drawn at base of ~0 Spring the residual lag deposits, indicating significant abundant near top; “black-banded” due to abundant with the last production report dated April 1985 (Christopher = N 2
Shinarump Conglomerate Member of the . . slope retreat in the past one million years since Chinle Formation reddish-brown. brown. and black chert: forms J. Kierst, Division of Oil, Gas and Mining, Ve.rbal communication, an ] 8
Chinle Formation (Rcs); dashed where <% Petroleum exploration drill hole, plugged and the lava flowed; also includes one small area just . L. . prominent cliff-’upper conformable contact drawn October 29, 2004). Cummulative production of over 206,000 & S g
projected; contour interval 100 feet (30 abandoned. Well location provided by Utah north of Lava Point flow outcrop of subrounded Petrified Forest Member (Upper Triassic) — Highly at the break in slope between the limestone cliff barrels of oil is estimated since production records were not = S =
m), datum is mean sea level Department of Natural Resources, Division to rounded pebbles and cobbles of sandstone, variegated, light-brownish-gray, pale-greenish- ofthe Fossil Mountgin Member and the evpsiferous preserved prior to 1927. The productive area included about 8 [ S
of Oil, Gas and Mining (OGM). It is unclear i i gray, to grayish-purple smectitic shale, mudstone, gypst 200 acres (0.8 km2) (Heylmun, 1993). It is unclear how many z 5
> g ( ) limestone, and quartz monzonite porphyry : ; : mudstone and gypsum slope of the Harrisbur; . 2 1%
3 Strike and dip of inclined beddin which wells produced over the 78-year ' i siltstone, and claystone, with lesser thick-bedded, X 2YP! pe ot | . g wells produced over the 78-year history of the field. Current EN|
1 p g p Y (presumably from the Pine Valley Mountain . Member; deposited in shallow-marine environment S|
history of the Virgin Oil Field. See Virgin intrusion to the northwest), which may represent resistant sandstone and pebble to small cobble (Nielson’ 158 6): 208 10 286 feet (63-87 m) thick OGM records indicate 6 to 8 producers; however, Gregory )
_‘?_ Approximate strike and dlp of inclined Qil Field discussion at I'lght for explanation. ancestral North Creek stream gravels; although Copglomerate near bf'.iSC that 1S up to 30 feet (9m) in the i—Iurric;me uadrangle to the west (1950) reported that by 1939 there were 113 wells of which 12 ) 8 8 8 8
bedding determined photogrammetrically Current OGM records indicate 6 to 8 Lava Point basalt is virtually the onl k thick; clasts are primarily chert and quartzite; . cane 4 & were producers, 21 had a show of oil, 66 were dry and 14 were e 3 S S S
) : ava Point basalt is virtually the only rock type : : : (Nielson,1981; Biek, 2003), but only about 200 o < o «
. Lo producers with all other wells having had seen in these deposits, nowhere is it clearly in contains minor chert, nodular limestone, and very feet (60 ,m) is exposed within the quadrangle plugged and abandoned. Hauptman (1952) reported 136 wells
—= Strike of near-vertical Jomt shows of oil; however, itis llkely that many p]ace, suggesting that it represents a lag of basalt thin coal lenses up tO“O-S lnCh”(l CIIl) thick; p a gle. drilled with 53 producers at that time. Subsequently, Heylmun
of these were dry holes. Five records have let down by erosion of underlying Petrified Forest mudstone weathers to a “popcorn” surface due to Subsurface unit (1961) reported 140 wells with 30 of them producing. A field
% Pit (s =sand, g = gravel) been deleted from the map and some have Member of the Chinle Formation; thickness uncer- expansive clays and causes road and building Paleozoi divided — Sh . I study by OGM in 1992 located 141 wells. All known wells are
@ been adjusted slightly to match the tain, but probably up to several tens of feet thick. lf)O}ldeiltlonlproglff?mS;l .Cogtalnsc}(?cail}é?buﬁfiiﬁt, Pzu aleozoic, undivided — Shown on cross section only. plugged and abandoned (Christopher J. Kierst, verbal
Quarry (dimension stone) topographic base and field observations. ’ rightly colored fossilized wood including highly communication, October 29, 2004).
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